SYNOPSIS It has been presumed that idiopathic normal pressure hydrocephalus is due to obstruction. We visualized the ventricles in 19 patients subsequent to shunting. We found no consistent relationship between clinical improvement after shunting and reduction in ventricular size. This suggests that the positive effect of shunting in at least some instances is due to some other factor than reduced ventricular size.
Most observers agree that a group of patients have normal pressure hydrocephalus (NPH) without obvious aetiology. All efforts to date have failed to sort out these patients accurately from other forms of senile or presenile dementia. We recently pointed out (Shenkin et al., 1973) that there were no criteria, not even isotopic cisternography, that could indicate which patients with enlarged ventricles would, or would not, respond to ventricular shunting and this is confirmed by others (Salmon, 1972; Stein and Langfitt, 1974; Wood et al., 1974) . It occurred to us that one could not always be certain that the shunt was accomplishing ventricular decompression in some patients, even though it appeared to function properly with the evidence presently available-that is, the valve pumped well on manual compression, the intraventricular pressure was actually low, and an injected radioactive isotope cleared from the ventricles via the shunt. If, despite this testing, the valve were not functioning adequately, it would certainly confuse the issue and prevent any accurate evaluation of results. It was, therefore, decided to visualize the ventricles after shunting and this would give clear evidence as to whether 
METHODS
Nineteen patients, most of whom were included in our previous report (Shenkin et al., 1973) , had postoperative ventriculograms performed at varying times (from seven days to three years after shunting) by direct injection of 15-20 ml of air into the ventricles through the Rickham reservoir. This was done through a 22 gauge needle with the patient in the left recumbent position. Before the air was injected, the pressure in the right lateral ventricle was determined using a water manometer with the zero point being taken at the level of the Rickham reservoir. In all cases ventriculo-peritoneal shunts had been done using a Holter low-pressure valve that closed at a pressure between 20 and 40 mm of water.
The span across both lateral ventricles at the junction of the frontal horn and body was measured on frontal radiographic projection, brow-up position (Taveras and Wood, 1964 bregma to the closest border of the body of the lateral ventricle correlated poorly with the ventricular span and subjective estimation of change in ventricular size. The poor correlation was due to difficulties with correction of magnification factors and effects of slight head tilt in the lateral projection. The measurements of the cortical mantles were therefore abandoned. Patients were graded, as before (Shenkin et al., 1973) , according to the clinical results of shunting. No improvement was graded 0. Moderate improvement, grade 1, was judged to have occurred when the patient became more independent in daily functions, regained continence, was able to communicate needs, to feed himself, to be left alone, and was better oriented. Patients who became totally independent and capable of resuming previous responsibilities were considered to have shown an excellent response and were graded 2. The grading system was applied rigidly and any doubt in evaluation of the patient was resolved, arbitrarily, by assignment to the next lower category. The patients were also divided according to their presenting clinical picture as previously described (Shenkin et al., 1973) . The syndrome ranged from mental changes alone, category 1, at one extreme (six cases) to disturbances confined exclusively to gait at the other end of the spectrum, category 4 (three cases). Most (more than 10%) in ventricular size (from 1300 to 3700, Fig. 1 ). In eight of these 10 patients in the failure group dementia was the outstanding feature and in two the outstanding feature was gait disturbance. The time interval between shunt and the second air study did not appear to be a major factor (two of the patients with significant change in size had repeat air studies seven and 12 days after surgery). Four of the failure group had positive isotopic cisternograms and two of these had large decreases in ventricular size, each greater than 3500. In the grade 1 patients (moderate response) four of five had a mild change in ventricular size, and only one had a truly large decrease (450%). The decrease in the others ranged from 6% to 8%.
In the grade 2 patients (excellent response) two showed a significant change in size (400/o and 23% smaller) but, surprisingly, in the other two in this group there was no change in ventricular size. Of nine patients in the combined grades 1 and 2, seven had isotopic cisternograms; only three of these had a positive test and one was equivocal. Eight of nine patients in the combined grades 1 and 2 had a gait disorder either solely or in combination with dementia. The longest intervals between shunt and repeat air studies occurred in six patients (one to three years) all of whom had shown improvement (grades 1 and 2) and two of these had no change at all in ventricular size, one had a modest decrease, and three had sizeable decreases in ventricular volume.
The (Salmon, 1972; Shenkin et al., 1973; Wolinsky et al., 1973; Siegel and Johnson, 1974; Stein and Langfitt, 1974; Wood et al., 1974) .
The patients who had a dramatic response to shunting without any decrease in ventricular size, even up to two years after operation, provide the clearest indication that a process other than a purely obstructive one must be operative. The following case illustrates this point: F.S., a 64 year old white female, had a six month history of severe progressive dementia including urinary incontinence but no gait disturbance. An air study revealed markedly enlarged ventricles (Fig.  2a) and in spite of a negative isotopic cisternogram, a ventriculo-peritoneal shunt was done. Six weeks later, she was normal. Formal psychological testing revealed an increase in overall IQ from 79 to 91. She was last seen two years later and her recovery was maintained. Repeat air study revealed no decrease in ventricular size (Fig. 2b) . If it is not relief of an obstructive process that has produced improvement in this and similar instances, perhaps in some way drainage of spinal fluid away from its natural pathway altered the disease on a biochemical basis. A recent publication indicates that, indeed, in senile dementia there is a distinct alteration in the biochemical content of the brain (Bowen et al., 1973) . Furthermore, this experience, and several others, is contrary to the report of Messert and Wannamaker (1974) 
